Handling C++ Exceptions in MPI Applications
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Integration into MPI applications

Motivation and Goals Under the Hood

Handling error states in C++ applications is managed by exceptions. In The ErrorChecker class creates a side channel for error propagation. If The proposed method adopts a minimalistic interface. In the simplest case, the
distributed MPI applications, it Is often necessary to inform the other no deadlock is detected, the root rank is informed about the problem and user can use only a single try-catch block to manage error reporting In
processes (ranks), that something wrong happened, and that the application the code can be terminated properly. Otherwise, the remaining alive ranks a sensible way. Nevertheless, the user is free to use as many try-catch blocks
should either recover from the faulty state, or report the error and terminate vote the one to be responsible for reporting error and calling abort. as necessary.
gracefully. Unfortunately, the MPI standard does not provide any support for The advantages of the proposed solution is that no dedicated rank for testing
distributed error handling. Healthy rank Healthy rank Deadlock-free the errors is necessary, a single reduce operation is only required to confirm
This poster presents a new approach for exceptions handling in MPI o ’ situation the application passed a check point, deadlock in application cannot interrupt
applications. The goals are to the error handling, and the application always terminates gracefully with
(1) report any faulty state to the user in a nicely formatted way by just (" setsuccess() ) [ setsuccess( ( checkexception() ) [ checkException( a proper error message. The necessary support for MPI exceptions to handle
a single rank, reportOkw reportOK(MAX_INT) ytamrm }ortgrmr(k) MPI| error states, not part of the default branch, may be seen as
. : - — a disadvantage, but it can be overcome by custom MPI error handlers.
(2) ensure the application will never deadlock, \ / | ' gd ut k | .yh hird ibrar . hei
. . . - . body OK? | ' The proposed solution works well with thir arty libraries since their
(3) propose a simple interface and ensure interoperability with other C/C++ - ViPl lallreduce ' - Prop . party
: : ' MPI_MIN ' '
ibraries . . . | . exceptions can either be propagated among ranks or the deadlock caused by
. // \\\ - blocking point-to-point or collective operations can be detected.
p— \
. o . — . MPPTest(): |
Minimalistic Interface and Slmple Usage MPI‘W MPLWaIt) -restl VPL-Testl) Classic error handling in Error handling with prosed
The interface consists of two classes. The DistException class wraps all firstFaultyRank =j; | | firstFaultyRank = ErRITAn )y | | fretradtRank=] MPI applications code
exceptions derived from the base C++ class std::exception and e Eeepten O N e R
i ; i i o s i ittt +
maintains information. | | R fepaceriretordersv I VIO b
. . DistException= : +_____._____T_____T_______T_____T__T _____________________________ * 1 1 | Reading simulation configuration: Done | :
The ErrorChecker class is used to propagate and report exceptions. The recelvebxception() | | DistException | | amber of CPU Gores / MPY processes: "6 | | Jumber of CPU cores / MPL processes: | o esv o nsome ||
. ] . efault); Processor name: Intel (R) Xeon(R) Gold 6240 CPU @ 2.60GHz R +
setSuccess () method indicates the code has passed a checkpoint at the | o L co o
end of the try block. The checkException () method finds the faulty rank, owPistexceptiom)] \{rowPistexeeption) | oo aimensionss smxsnaxei | 11 oorain dinensions 2xsz a2
. . . . I | Medium type: 3D | Simulation :cime steps: 1513 !
returns exception details and delegated reporting duties to a selected rank. | | | simiation time steps: =3 | L ___________________________ |
Initialization Initialization I
o . - checkException@ checkException@ i oo A ; i i | Memory allocation: Done | :
s S | Memory allocation: Done | Data loading: ’ Failed
,',1 int main(int argc, char** argv) \\ reportException | | Data loading: o  ‘tem;inate P i v
[ 2 | (errorMessage); | what(: sta::bad_allec T L e cvperienced o tatat mreor 11t T T
1 [cn20:01995] *** Process received signal *** b + |
: 3 // Initialize MPI. : MPI_Finalize(); MPI_Finalize(); MPI_Finalize(); MPI_Finalize(); i Ezz;gzgig:g zigﬁii:cﬁﬁifte‘f—éf) : : | std: :bad alloc | :
| 4 MPI Init (&argc, &argv); l et N et et exit(); | [on20:01995] [ 0] /1ib64/1ibe.50.6(+0536450) [0x2nie3Tadssol l i | type: System ezeor P
: 5 i : [cnzgggiggg] [;] /1ib64/libc:so:6(gbogt+0x148)[0x2b4f37ddaac8] i : : g:::: 1~241EI_C0MM_W0RLD : :
L6 // Initialize error checker (static class). | | /oppe/aii/Goccore/10.2.0/14b64/1ibstdorr. s0. 6 (+Oxade3e) [0xzbtgTSESe3e] | 4 T e .
: ] ErrorChecker: :init(MPI_COMM_WORLD, timeout) ; : : /[:grzag;giiigécioii/lo.2.0/1ib64/1ibstdc++.so.6(+0xb91d6) [0x2b4£379741d6] : : - :
i 8 : i /E:;;Z;gii?g(}c%oic}/lo.2.0/lib64/1ibstdc++.so.6(+0xb9241) [0x2b4£37974241] : : Dﬁiﬁp‘iiizrzzlzeigzglfed on rank 26 in communicator MPL_COMM _WORLD i
9 Protected block of th de. ' :gigzgiiggcc@ge 10.2.0/1ib64/1libstdct+.so. 6 (+0xb94d4) [0x2bA£379744d4 11 . . .
| J0 eey | Cored blockof the code | Healthy rank il Healthy rank Deadlock R et 1§ e soving e pone caves opn w0 s o et poveses.
I 1 M T [cn20:01335] [ 8] I tly when Open MPI kills them. ,
IR : L ’ situation | s e e mmon Lo e P i
P12 // Any combination of local and MPI computation may appear here. : i cerminate called aftes threwing s instance of 'std: :bad_alloc' 1 ]
|13 MPI Bast(...); I - —~ | wmac(: sebadallos e S SBBS -
: 14 fOO_() . : checkException() checkException() I [2220201993] Signai?czls)zri:zel(.z‘)a e :
g I [cn20:01993] Signal code: -6
: 15 MPI Barrier(...); i 4 try N\ [ try ) reportError(j) reportError(k) : | REPEATE]]D 76 TIMES o i
| L
| 13 // T_;z.e.very last command of the try block sets a success flag i /// : Ecnlgl:mm% {7} - /kspaceFirstOrder3D-MPI[0x40eadf] i
I ’ * * . - ;:1];222512)2080 68 libc start main+0x£5) [0x2aed2c416555
: 18 ErrorChecker: :setSuccess() ; i <I\./-I_PI— 'Deadlock ! MD Everybody OK? , : /[cn191{0627(:)] [ s;]_./ks§aceFi§st0rder3D)—n[41>I[0x45983f] ] i
| 19 \// end of try | _ JAN ) MPLallredce . | [cn191:06270] *r pnd of excor messsge e i
: 20 // Error han dl lng. : - \ : iriiifZeizbexiirZizz%eieEOEZZiEg,irkencliiin},)rzizsjs'ok];eilalznke):en aborted. :
21 catch (const std::exceptions e) i ~— — i I
: 22 { I MPI_Test(); MPI_Test(); : I;l}i;izrll zo’izgiit’;g?‘.ﬁ process rank 28 with PID 0O on node cn20 exited on :
P23 // Find out whether any remote rank caused an exception and i deadlockDetected = deadlockDetected | i
. 24 // which rank is supposed to print out an error message. i true - true \ J
| 25 const autoé& distException = ErrorChecker: :catchException (e) ; 1 O Bt -
I 26 i reportAlive(j); reportAlive(k); .
i 277 // Check whether code has deadlocked due to a blocking MPI call ! _— CO”CIUS|OnS
1 28 // or collective communication in progress. If so, find the rank I : : :
L 29 /) which will report the error, otherwise leave if for root. i bty Slives The code was tested under different MPI |mplementa_t|ons_, such as Int_e_IMPI
130 const int reportingRank = (distException.getDeadlockMode () : Cton 19.x and OpenMPI 4.x up to 1536 ranks. As external libraries heavily utilizing
: : lallgather . . . . . . .
s o s ilffExczptif“'getRigk”) ((’j.rigtRamt‘f | | : collective communications, distributed version of the fast Fourier transform
| 33 T OTRRETERAnt T TARAnn SERer iR e e e aen i — (FFTW) and the HDF5 1/O libraries were chosen.
I ' ' MPI_Test(); MPI_Test(); . .. ] )
i 34 // Print out error message and terminate or recover. i d “ﬁf‘-ﬁa;‘ce"k) MPI_Cancel( The code was tested with several injected errors into multiple ranks such as
] ] ] ] . eadlockedRank); deadlockedRank); - - . . . .
L o Y printhrrorAndierminate (distixeeption); i cadlockediand non existing input file, disk quota exceeded, wrong rank in the MPI call, and
| . . .. . . _ .. - -
39 i firsthliveRanic=Ji || firstaliveRank = standard system exceptions such as out of memory problems, numerical
| . . . . .
1 38 ErrorChecker::finalize(); ! v errors, etc. In all situations the code has worked properly.
1 39 terminateApplication (EXIT SUCCESS) ; : _’ : :
\ 40 }// end of main - ,= \_MPLAbort(; /- \_ J In the future work, the code will be extended to protect of various
N A | | communicators, and allow sophisticated error recovery.
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A MATLAB toolbox for the time-domain
simulation of acoustic wave fields



